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Despite regular and valuable
conference proceedings of
ICSCRM and ECSCRM, it was
felt these could not convey the
required perspective. Proceed-
ings are not generally available
in libraries. Even colleagues,
active in the field, cannot
always attend conferences, it
was pointed out by Choyke.
So the book came into being.
Organised in the same way as
SiC I and SiC II, it was pub-
lished (well within the aims of
device designers) some six
months after the delivery of the
manuscripts, where the 110
authors,“dedicated souls …
undertook many of the tasks
that, in the past, would have
been taken on by the book
publishers.”
The emphasis is on nanostruc-
tures; aspects of boule growth;
epitaxial film growth and the
use of ion beam synthesis.“The
greatest effort in the last six
years has been on the industri-
alisation of SiC ... reflecting in
the new depth and in some
cases radical departure from
the past, in four papers on pro-
cessing and six papers on
devices,” Choyke concludes.
Organised by theory; crystal
growth; surface and interface
properties; characterisation; and
processing; devices concludes
the work. Here the authors
summarise that for SiC power,
bi-polar transistors and thyris-
tors, with the progress in SiC in
the last few years and the
physics of operation of three
terminal homojunction devices
that are applicable, that contin-
uing technological improve-
ment and imminent device
commercialisation in this area
is expected in the near future.
4H-SiC,the 
material of choice
High voltage 4H-SiC devices
have big impacts for the reduc-
tion of both power loss and
valve volume in many kinds of
large electric power conversion
equipment.As the fly-wheeling
diodes, high voltage diodes
were developed.The current
capabilities of these developed
devices are limited to small
value because of many crystal
defects. In order to increase the
current capability, high temper-
ature, pressure, contact, flat
package module technology
was developed and 3kV 600A
SiC pn diode module demon-
strated which can operate in
the air atmosphere of 300°C.
Power MOSFETs in 4-H-SiC looks
at device design and technology
and notes that although the
UMOSFET realised by Palmour et
al was developed and improved
on. Issues involving a high elec-
tric field, when the transistor is
in the on- state, and the difficulty
of manufacture with useful yield,
need to be resolved.
DMOSFETs in comparison have
succeeded by diffusing boron
at 1600°C, and with separate
implants for p-well and N+
source, and the DMOSFET is
the chapter focus.
Design with absolute minimum
design rules is not recommend-
ed for SiC, unless using direct-
write ebeam lithography with
die by die alignment. But many
cell designs are possible and
4H-SiC DMOSFETs with a
blocking voltage rating were
fabricated and shown as ideal
for low loss, high speed power
switching applications.
Normally-off accumulation-
mode epi-channel FET devices
are evolving, mainly on the
accumulation=mode MOSFET
design concept, in efforts to
use the maximum potential of
SiC material. 4H-SiC polytype is
the material of choice and 15R-
SiC is another attractive solu-
tion. However the large size,
high quality wafer are not yet
available. It is expected that SiC
MOSFETs will replace the Si-
IGBT for future inverter sys-
tems for medium class power
applications in the blocking
voltage range below 5kV.
SiC unipolar MOSFET chip
(replacing three Si-IGBT chips)
and the FWD-less SiC power
module will further help down-
sizing inverter systems. SiC
unipolar power devices have
various advantages, but also
issues that limit wide spread use
and need to find reasonably
solutions, namely size of SiC
wafer, low yields because of
high density of defects, high
costsd, limited availability of SiC,
and unavailability of high tem-
perature packaging technology.
The applicability of ideal SiC
switches in HEV propulsion
application offer greater com-
pactness, lightness & efficiency.
For the development of SiC
devices for microwave and RF
power amplifiers (switching
versus analog) authors are con-
fident that wide bandgap tran-
sistors will develop for switch-
ing power supplies and then
applied to RF switching amplif-
ers, probably by 2010-15.
With the challenge of thermal
management and associated
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‘dirty technology’ of liquids,
gases or mixed fluids, this may
not be the ‘noble’ side of devel-
opment, but can be expected
to account for the major part of
businesss value in future.
The feasibility of the first wide
bandgap RF power technology
has been established with the
present Thales 50W SiC Mesfet
prototype. It exhibits a 40 ohms
input and output optimum
impedance without pre-match-
ing in the package, only simple
wire bonding without any spe-
cial optimising and successfully
operated and measured from
1MHz up to 2GHz.
Future devices of more mature
technology are expect to deliv-
er RF power over 100W CW
without output impedance,
close to the 50 ohm ideal.
The community of solidstate RF
and microwave power is con-
vinced that “widebandgap semi-
conductors are the right materi-
als for applications requiring
the top possible performance.
There is no more doubt.. the
main issues are time and cost.”
On vanadium doped SI-SiC, den-
sity should simply stay below
the doping density in the active
layer of the device. In the US
pure SI-SiC has been available
in limited quantity since 1995
as a result of the Westinghouse
SiC research, transferred into
the Northrop Grumman group
and to the Litton Airtron and II
VI companies.The material
from this work has not reached
the open market. A new quality
of PVT grown substrates called
Vanadium-free High Purity Semi
Insulating is now available, with
Cree publishing extensive test
results on the material and
impressive improvement of
MESFET performance.
HT CVD for Thales
band amplifier 
The first SI-Sic substrates made
from HT CVD grown crystals
were demonstrated by Swedish
groups at Linkoping. Using HT-
CVD allows low residual densi-
ty for almost all impurities.
These substrates have allowed
demonstration of devices sta-
ble enough for building a pro-
totype for RF to L band ampli-
fier at Thales, whose perform-
ance stayed unchanged upon
the whole test duration of 
typically 10-12 hours, never
obtained using commercial
vanadium doped substrates.
Advances in field effect gas sen-
sors, based on high band-gap
materials are under rapid devel-
opment. Conceeding that GaN
AlN and diamond have wider
band-gaps than SiC, and will
probably be important as sensor
materials in future, production
and processing are not yet not as
mature as SiC.The gas response
of the FE devices is determined
by the catalytic properties of
contact material, which includes
both  catalytic layer and the
underlying material.
Temperature plays a dominant
role in the detection process,
since the origin of the gas
response is found in the chem-
ical reactions that take place
on the sensor surface, together
with the mass transport prop-
erties of the gas molecules.
This allows sensors of a com-
mon design to be tailor-made for
detection of a range of gases, for
use in arrange of applications.
Freestanding chips of SiC can in
future include arrays of chemi-
cal sensors, a heater, tempera-
ture control and signal process-
ing circuitry and will permit
heating of these chips up to
600oC within seconds. Rapid
coolings hould also be possible.
The most intriguing paper is
that on The development of
SiC devices for microwave and
RF power amplifiers by E
Morvan et al. who record that
need is there. “None of the
designers, of the most advanced
high power RF amplifiers based
on solid state devices, are satis-
fied with existing products.
They sometime manage to live
with them.. what they want is
a device with higher impe-
dance and accepting higher
temperature of operation.”
“From two sources we got the
information that prototypes
could hardly, or not, meet new
specification for linearity and
had to be operated in condi-
tions in which energy conver-
sion efficiency was lower than
10%.This is not acceptable.”
“III-N devices will take it all,
when they arrive on the 
market,” writes Morvan, but
“we don’t know anybody who
can tell with confidence how
long it will take to get the first
reliable microwave power
device, based on III-N com-
pounds.” Estimates are not put
before 2006-2008.
“We are convinced that there
is a market place for SiC MES-
FET today and for the next
coming ten years.Acknow-
ledging issues such as surface
passivation; transition zones
between SiC and the atmos-
phere; process yield (solved by
new epitaxy systems) and sub-
strate crystal quality, Morvan
notes organised manufacture
is needed, as no industry can
be built on device prototypes.
In conclusion “with small sub-
strates, it cannot use silicon or
GaAs mainstream processing
tools and it is not sure that it
can be made competitive in the
short term, without public
money support.”
But perhaps emerging nan-
otech tools will help in the 
provision of a new route to
competitive  SiC processing.
processing.Figure 1  Silicon Carbide formations of 3C, 4H and 6H SiC respectively
The Kansai Electric Power
Company, Inc, (KEPCO) has devel-
oped 12kVA inverter using SiC
switching devices and SiC diodes,
and successfully 
connected to power system. It is
the largest capacity SiC inverter
ever reported in the world. 
KEPCO continues to research on
SiC inverters and plans to develop
100kVA inverter around 2006. 
It expects that SiC inverters will be
applied to various industrial motor
control systems as well as to AC-DC
conversion systems connected to
electric power systems
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